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Data is based both by measurements and Optical calculations.
Basic idea
Two basic problems are solved in this invention. First, it is possible to drive a LED chip on much higher current than normal without loosing length of life. Destruction of a LED is much depending on the junction temperature and should be kept as low as possible. The most efficient way of cooling is by far more efficient in transportation in liquid then any other type. Radiation and heat transport in any solid is much lower. Even in the best known material (diamond) the heat transport is lower, compared to liquid transport.
The second issue is the optical collection of light. It is much more efficient to use mirror as collector of the light. With a corrector plate a very efficient way of collecting the light on to a small area which is necessary in micro displays is achieved. Also keeping the numerical aperture low is achieved.
The combination of these two ideas makes it possible to mount the LED directly on the corrector plate. This makes manufacturing very easy. Everything can be manufactured via standard moulding of plastic, vacuum coating and UV lithography

The LED array

The light source is made of an array of several LED chips. By arranging them in an efficient way and by efficient cooling it is possible to achieve very low numerical aperture and collect much light without wasting it.

It is possible to change the wavelength by choosing different LED types and even mix several wavelengths, red green blue or other colour. It should be possible to use almost any type of led die as long as it is of surface emitting type
In our practical measurements and calculations we have aimed at 405nm GaN LED for replacement of high pressure mercury arc source. There is no major difference in optical performance for other wavelengths. This is depending on the LED-chip performance.
This example is made of 90 individual LED chip. The emission area is 50 mm in diameter. It is possible to increase the number of chip, by making the array larger. There are no major limits to the amount of chip. Each LED is 5mm in size. They are arranged in a hexagonal structure. With 80 mm diameter 225 LED are available.  The final size could be changed depending of final spot size, N.A.  Power and LED die size.
EXAMPLE
In this example power levels are based on nominal current levels. But it is expected that the power levels can be increased more. They are only assumptions and are shown as ideas for discussion.
Model A

A condenser lens collects the light to a narrow point. Depending on focus length on the condenser lens the spot size can be changed. Also the N.A will be changed. When choosing shorter focus a larger NA will be the result but the spot size will be smaller. In this example a condenser lens of 160 mm has been chosen. A small piezoelectric liquid pump will be integrated in the system.
Model B.

Without condenser lens a parallel light with the size of the led array will be the case. The divergence of app. 2.8 deg. half angle. The spot diameter will be 50mm at zero distance. And at 1000mm the spot diameter will be 150mm.
Model C.

The cooling device could build in to the light source or if necessary separated to a distance. This could be the choice if very temperature sensitive optics is close to the light source. A small piezoelectric pump could maybe be build into the device to achieve a very compact light source.
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LED light source. The construction.
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Image from the patent application.
1. Diode chip mounted on an array of moulded aspheric surface.
2 array of aspheric surface. Each aspheric surface is correcting the optical field from the spherical mirror.

3 the surface of the moulded plastic piece are highly reflective.

4 ther is a little distance between the back mirror 3 and the front lens corrector. So liquid could pass through.

5. It is an array of spherical mirrors. These mirrors are formed of moulded plastic and coated with a dielectric mirror to achieve high reflectance in desired wavelength.

6 the front plate are formed as a slightly aspheric surface. This corrects the light field to a very uniform parallel ray.

7 a large condenser lens are collecting the parallel light from each device to a single area.

8 a display are in focus of the lamp. 
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A good computer simulation of the aberration shows the light field from a chip 240 um in side.
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Optical setup of a single LED.
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Comparison of a standard 5mm LED (right) and a mirror LED. 
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Construction of a prototype LED. Liquid cooled and with a mirror /aspheric corrector plate.

Preliminary results even with a bad optical asperic lens, we can collect 50% more light.

Expected life is extended with a 3 times increased current (90mA) on a Cree Megabright LED rated for 30mA.  Further measurements must be performed.

